Introduction
Population-based health surveys have been widely used to evaluate morbidity, lifestyles, and health system performances, among others. It is important to design and evaluate interventions and policies in this area 1 . Such studies are useful to supplement information obtained through health information systems.
Recently, the Brazilian government has made substantial investments to obtain nationally representative data on various stages of life, including National Household Sample Survey (PNAD), Risk and Protective Factors Surveillance Systems for Chronic non-Communicable Diseases Through Telephone Interview (Vigitel), the National Household Budget Survey (POF), the National School Health Survey (PeNSE), the National Survey on Demography and Health (PNDS), and the first National Health Survey (PNS), which was carried out in 2013 1, 2 . These surveys assess and monitor the occurrence of major chronic diseases and their risk factors, especially overweight and obesity, which are among the five most important causes of death worldwide and are the third most significant cause of death in developing countries 3 . These surveys also can assess the impact of interventions on a large scale to study the primary prevention of these diseases 4 .
The methods for data collection in national health surveys have improved recently, resulting in increased flexibility and lower costs 5 . Self-reported methods may be used when there are practical, logistical, or financial limitations to obtaining direct measurements. For example, height and weight are costly and time-consuming direct measurements. Thus, height and weight information may be self-reported by the participants. The validation of such self-reported measures is crucial to guarantee data quality and avoid bias because of misclassification.
Self-reported weight and height have been considered valid proxies of information obtained by anthropometric measurements for weight status diagnosis in epidemiological studies and population surveys 6, 7, 8 . In addition, validity studies have shown a high correlation between self-reported and measured weight and height, in the classification of weight status 8, 9, 10, 11, 12 . However, sociocultural, demographic, and economic characteristics, as well as differences in study design and sampling, could produce differences in the agreement between self-reported and measured data, thus limiting the inference of the results for specific population groups 9, 13, 14, 15 .
The aim of this study was to evaluate the validity of self-reported weight and height to determine weight status according to selected demographic and socioeconomic variables used to assess participants in the PNS.
Methods

Study design
This study used data from the PNS 2013, which is a Brazilian household-based nationwide survey carried out by the Ministry of Health and by the Brazilian Institute of Geography and Statistics (IBGE) 16, 17 . The number of households selected for the sample was greater than the minimum necessary to compensate for non-response and incorrect classifications of the units in the selection register 18 . Thus, the number of households selected for the sample was 81,357, with 62,658 households expected to be interviewed. Of these, the total number of occupied households with a resident selected for the interview was 69,954. The response rate of the selected residents was 86%. Thus, the total number of households interviewed was 60,202.
Interviewees were at least 18 years old. They were selected using stratified sampling and a threestage clustering process: census tracts (primary stage), households (second stage), and adults (third stage) 18 . Only participants who had complete information for self-reported and measured weight and height (n = 40,366) were included in this study. More details about the study design, data collection 16, 17 , and sampling design 18 
Data collection
PNS data were collected using a questionnaire that was divided into three parts: (1) characteristics of the household; (2) social and economic characteristics of all household inhabitants, including education level, income, and health status; and (3) characteristics of the individual respondent, focusing on morbidity and lifestyle. The first two parts were answered by the same adult from the household. The third part was collected from an adult who was selected with equal probability from all adult residents in the household. Details about the questionnaires were published by Damacena et al. 17 and Szwarcwald et al. 16 . The questionnaire is available from the PNS website (http://www.pns.icict. fiocruz.br).
Self-reported and measured anthropometric data
Self-reported weight and height information were obtained from a questionnaire about lifestyle during an in-person interview using the following questions, with answers recorded in kilograms (kg) and meters (m): "Do you know how much you weight (approximately)?" and "Do you know how tall you are (approximately)?".
The measures were obtained according to the protocols followed by the POF (IBGE). Body weight and height were performed twice using portable scale and stadiometer, respectively, with individuals wearing light clothes and no shoes. Body weight was measured with individuals standing fully upright on the scale platform, the weight equally distributed on both feet, arms freely alongside the body. Individuals were also instructed to remove accessories and items from their pockets on pants, skirt, or shirt. For the stature measure, individuals were positioned in the stadiometer, maintaining the head in the Frankfurt plane with hands facing the body and with their heels, calves, hips and the back of the head touching the back support 19 .
The mean of the two measurements was used when the differences between them were ≤ 0.5kg for weight and ≤ 1cm for height. All field researchers were trained by the Laboratory of Nutritional Assessment of Populations at the School of Public Health of the University of São Paulo 16, 17 .
Body mass index (BMI, kg/m 2 ) was estimated for both self-reported and measured weight and height. For adolescents (subjects younger than 20 years old), sex-and age-specific BMI z-scores were calculated and classified into the following categories: underweight (< -2 z-scores), normal weight (≥ -2 to ≤ +1 z-scores), overweight (> +1 to ≤ +2 z-scores), and obese (> +2 z-scores), as proposed by the World Health Organization 20 . For adults (between 20 and 59 years old), BMI was classified into the following categories: underweight (< 18.5kg/m 2 ), normal weight (≥ 18.5 to < 25kg/m 2 ), overweight (≥ 25 and < 30kg/m 2 ), and obese (≥ 30kg/m 2 ) 21 . For elderly individuals (60 years or older), BMI classifications were as follows: underweight (< 22kg/m 2 ), normal weight (≥ 22 to < 27kg/m 2 ), overweight (≥ 27kg/m 2 ) 22 .
Data analysis
Continuous variable distributions were verified using the Kolmogorov-Smirnov test. To compare self-reported and measured weight, height, and BMI mean values, we used a paired Student's t-test for all individuals and then stratified by sex, age group, education level and household location.
The agreement between self-reported and measured weight and height was evaluated using the intraclass correlation coefficient (ICC) and respective 95% confidence interval (95%CI). The ICC estimates the proportion of the total variability that can be attributed to the variability between individuals. Agreement was considered high when the ICC was greater than 0.75 23 .
The Bland-Altman method was used to evaluate the mean difference between self-reported and measured data (mean agreement) and provide an interval that contains 95% of the individual differences between the two data (limits of agreement, LOA). Additionally, linear regression was Cad. Saúde Pública 2018; 34(5):e00063917 performed to investigate if the agreement between self-reported and measured weight and height values was influenced by their magnitude. For these analyses, the difference between the data was considered the dependent variable and the mean value of the anthropometric information was the independent variable 24 .
The agreement between weight status (underweight, normal weight, overweight, and obese; classified according to BMI estimated from self-reported and measured data) was determined using a weighted kappa coefficient, which was categorized as follows: no agreement (0.00 or less), poor agreement (0.01-0.20), slight agreement (0.21-0.40), fair agreement (0.41-0.60), good agreement (0.61-0.80), very good agreement (0.81-0.92), and excellent agreement (0.93-1.00) 25 . Moreover, exact agreement (in the same category) for self-reported and measured weight status categories was also estimated. Sensitivity and specificity were calculated for self-reported BMI to classify individuals as overweight (BMI ≥ 25kg/m 2 ) and obese (BMI ≥ 30kg/m 2 ). The BMI obtained from measured anthropometric data was considered the reference value.
We included the following co-variables in the analysis: sex, age group (adolescents: 18-19 years, adults: 20-59 years, elderly individuals: ≥ 60 years), education level (no education/some elementary school, elementary school/some high school, high school/some college, college degree), and household location (urban area and rural area).
All estimates considered the complex sample and study design effect. Statistical analyses were performed using the IBM SPSS for Windows (IBM Corp., Armonk, USA) and SAS (version 9.3; SAS Inst., Cary, USA).
Results
Weighted percentages indicate that 52.9% of the individuals were women and 77.1% were adults. The most frequently reported level of education was no education/some elementary school (38.9%).
Weight, height, and BMI distributions were symmetric (p > 0.05; Kolmogorov-Smirnov test). Table 1 shows the mean values of measured and self-reported weight, height, and BMI according to sociodemographic characteristics. There were negligible significant differences between self-reported and measured weight, height and BMI for all characteristics analyzed (p < 0.001). On average, women and adolescents slightly underestimated their weights by 1% and 1.1%, respectively, while, elderly respondents overestimated their height by 1.23%. Among women and elderly individuals, these differences resulted in underestimated BMI variations that were greater than 2%. Individuals with college degree underestimated their weight by 1.28%. Table 2 shows the agreement between self-reported and measured weight, height, and BMI. ICC values indicate high agreement (> 0.88, BMI for elderly individuals) for all sexes, age groups, education levels, and household location.
According to the Bland-Altman method (Table 3) , the mean agreement was 99.6% for weight (LOA: 82% and 120.9%), 100.5% for height (LOA: 95.3% and 105.9%), and 98.6% for BMI (LOA: 80% and 121.6%). Similar results were observed across all categories of evaluated variables. Table 3 also shows that the agreement between self-reported and measured data may be somewhat influenced by the magnitude of weight (β = -0.011; p < 0.01), height (β = 0.008; p < 0.01), and BMI (β = -0.025; p < 0.01).
The weighted kappa coefficient revealed good agreement (kappa varied from 0.66 to 0.74 across the categories of analyzed variables) for weight status categories classified from self-reported and measured data for all independent variables evaluated. For the total sample, the exact agreement between the weight status categories was 77%, with low variation among sociodemographic characteristics (Table 4) . Table 4 also shows the sensitivity for determining overweight and obesity from self-reported weight and height. Sensitivity was found to be high for all participants (83% to detect overweight and 73.4% to detect obesity), although it was higher for men (85.1% and 75.7%) than for women (80.8% and 71.6%), higher for adults (84.4% and 73.8%) than for adolescents (70.6% and 55.7%) and elderly respondents (75.6%, no obesity classification). By education level, the sensitivity for the detection of overweight status was lower for individuals with no education/some elementary school (81.7%)
Cad. Saúde Pública 2018; 34(5):e00063917 compared with all other levels of education. However, for the detection of obesity, sensitivity values were higher for individuals who had a college degree (76.6%). According to the household location, the sensitivity to detect overweight status was higher for individuals that lived in urban areas than for those in rural areas (83.3% versus 79.3%), for the detection of obesity the sensitivity was lower in urban areas (74.2% versus 73.4%).
Cad. Saúde Pública 2018; 34(5):e00063917 * LOA was determined the mean difference ± 1.96 x standard deviation of the differences.
** Slope of the differences between the methods regressed on the averages of the methods (H0: β = 0; α = 0.05); *** Statistical significance of β;
# Data were log-transformed for the agreement analysis. Table 4 Agreement (weighted kappa) and correlation of weight status * classification, sensitivity and specificity using self-reported and measured weight and Conversely, the specificity for the detection of non-overweight and non-obesity was also considered high for the whole sample (87.5% and 96.7%, respectively). The values obtained were higher for women (88.9% and 96.8%) than for men (86.2% and 96.5%) and for adolescents (95.1% and 99.2%) compared with adults (86.4% and 95.7%) and elderly respondents (89.3%). By education level, the Cad. Saúde Pública 2018; 34(5):e00063917 specificity for the detection of non-overweight status was lower for individuals with no education/ some elementary school (85.6%) compared with other education levels; for the detection of non-obesity, specificity was higher for individuals who had a college degree (97.5%) ( Table 4) . By the household location, the specificity was similar among urban and rural areas for the detection of non-overweight (87.5% and 87.8%, respectively) and non-obesity (96.7% and 96.3%, respectively).
Discussion
This study demonstrated that self-reported weight and height can be used as proxies of measured values in the Brazilian population ≥ 18 years old. High agreement was observed between measured and self-reported anthropometric information, according to various statistical methods for assessing agreement with small variations across the categories of sex, age group, education level, and household location. Comparable results were observed in studies conducted in Brazil 14, 26, 27, 28, 29 and in the United States 30 , which showed high agreement between self-reported and measured values. Each self-reported anthropometric variable that we examined was informative about actual height and weight data and could be used to conduct epidemiological analyses in Brazil.
According to the Bland-Altman method, the agreement between self-reported and measured weight and height values may be influenced by their magnitude, although this influence seems to be negligible (β = -0.025). The Bland-Altman test emphasized the variability of the differences between values under comparison. This approach is not always used in the validation of measurements; however, it is essential to evaluate the magnitude of any problems resulting from the use of self-reported weight and height to estimate of weight status 14, 26 .
Good agreement was observed for the classification of weight status estimated from self-reported and measured weight and height examined by the weighted kappa coefficient, even when stratified by sociodemographic variables. Our study showed no trend by age, but agreement was directly related to education level. The exact agreement observed in this study between the categories of weight status was considered high (77%), with low variations based on sociodemographic characteristics (from 75% to 87%). These results are similar to a study that reported an exact agreement of 83.4% 30 . Comparable studies in Brazil and in US also found good agreement 14, 30 for the weight status classification, although moderate agreement was observed for elderly individuals and people with low education levels 14 .
In general, in our study, self-reported weight and height were satisfactory in the classification of weight status using the BMI, since sensitivity and specificity to detect overweight and obesity were considered high consonant with findings observed in other national 13, 14, 26, 27, 28, 31 and international studies 9, 30 . However, adolescents had the lowest sensitivity to detect obesity (55.7%), differently from the sensitivity to detect overweight (70.6%). Adolescents may be influenced by variations in anthropometric measures because of the growth process in course during this phase of life. Adolescents reported their measures based on a previous measurement, therefore, there may have been variation in weight and height between the last measurement and the time of the study. Additionally, it is reasonable to suppose that anthropometric variables may not have been taken frequently. Thus, the combination of growth and long time since the last measurement may result in an outdated information on weight and height and may have influenced the classification of the weight status and the sensitivity to detect obesity. Thus, when the goal of a study is to detect obesity in this age group, selfreported measures should be interpreted with caution.
Regarding sociodemographic characteristics, both sensitivity and specificity showed high values to detect overweight (sensitivity > 70.6%; specificity > 85.6%) and obesity (sensitivity > 71.6%, except for adolescents, which was 55.7%; specificity > 93.9%), similarly to findings of other studies 9, 14, 26, 27, 32 . Therefore, individuals can report reliably their weight status independently of sex, age group, education level and household location, except in the case of adolescents, for whom the detection of obesity presented less sensitivity and for low-educated individuals. Comparable results concerning age and sex were observed in other studies 9, 14, 26, 27, 31 , nevertheless, Oliveira et al. 31 estimated sensitivity of 91.2% for low-educated individuals and of 75% for high-educated ones in the detection of overweight. However, the authors indicated that their study presented limitations, as it was based on Cad. Saúde Pública 2018; 34(5):e00063917 a non-probabilistic sample and there was a considerable time gap between the measured and selfreported measures.
Although statistically significant, proportional differences between measured and self-reported information were negligible for weight, height, and BMI (lowest difference: 0.09%; greatest difference: 2.37%) and could be influenced by the sample size. These findings were similar to those observed in other studies 13, 14, 26, 28, 30, 32, 33, 34, 35 .
Adolescents and individuals with college degree underestimated their weight. As for adolescents, similarly to studies carried out in Spain 36 and Brazil 15 , this discrepancy could be related to dissatisfaction with body image 15, 36 and/or a lack of knowledge regarding current weight because of the rapid body changes that are characteristic in this life stage 15 . Individuals who had a college degree may be subjected to greater sociocultural pressure to achieve the desirable standards of thinness 37 . On the other hand, elderly people overestimated their height. This inaccuracy in self-reported height may be associated with age-related changes in height because of the compression of intervertebral discs and diminished vertebral bone mineral content. Furthermore, elderly people generally do not measure regularly their height 26 .
Our study had some limitations. First, the results should be applied with caution when considering other explanatory variables or other categories of exposure not evaluated in this study. Additionally, the use of these self-reported measures should be considered as continuous variables or for testing associations due to the possibility of misclassification, as well as possible bias in the results due to variability in the differences between the measured values. Caution is recommended when the objective is to diagnose obesity in adolescents using self-reported measures. Moreover, minor differences observed between self-reported and measured anthropometric variables may be related to the report of a measure obtained in the past. Therefore, data that include the date of the last direct measurement may be useful for adjustment of the estimators. Additionally, anthropometric measures were performed in the households of the participants at different moments of the day and did not follow rigid protocols that recommend, for example, fasting and emptied bladder for standardized weight measurement. Finally, the age categories (adolescents, adults and elderly) used in this study might hinder the comparison with studies that classify as adults those individuals older than 18 years old.
The strengths of our study are the use of a nationally representative sample and of different statistical methods to analyze the validity of self-reported weight and height across categories of sociodemographic variables. These results could be helpful in planning and developing new surveys focused on health and anthropometric data.
In conclusion, our study supports that self-reported weight and height can be used as valid alternatives to estimate the weight status of a Brazilian population ≥ 18 years old when financial or logistic restrictions prevent the collection of measured weight and height, considering the sociodemographic characteristics evaluated in this study.
